Introduction
Recent studies have showed that corruption i) reduces public tax revenues (Ghura, 1998; Tanzi and Davoodi, 2000; Attila et al, 2008 ; ii) has adverse effect on the tax morality of taxpayers (Torgler, 2004 (Torgler, , 2005 (Torgler, , 2007 ; iii) and distorts a country's tax structure. These various findings suggest that there are three mechanisms by which corruption in fiscal administration affects economic growth. Firstly, by decreasing the resources available for public authorities, corruption will reduce the productive public investments in such areas as roads, health and education. This effect is accentuated since the tax morale of economic agents is affected. Secondly, by worsening the distortions on the level of taxation and its structure, corruption reduces growth more than the harmful effect of taxation alone. Lastly, by allowing economic agents, in particular private companies to reduce their fiscal burden, corruption can have an indirect "positive effect" on growth if the revenue from unpaid taxes is then used to finance new investments 1 .
This paper intends to disentangle both the positive effects and negative effects stemming from the interaction between corruption, public resources and growth. Addressing such an issue is critical for efficient public policy in developing countries. Reducing corruption results in better good governance and greater transparency in public finance management and hence increases public resources. However, consistent with the "Laffer curve 2 ", increasing tax pressure could lead to adverse effects on economic activities. Hence, even though increases in public resources are likely to help governments in providing quantitatively and qualitatively more public goods, these benefits may be offset by negative effects on growth due to higher taxes. As regards the two opposing effects, a tradeoff is needed. How optimal should taxation be if corruption has a greatly detrimental effect on fiscal policy? How can anti-corruption policy and fiscal policy be reconciled in order to stimulate economic growth? Theoretical and empirical investigations should provide greater insight into these problems.
The contribution of this paper is twofold: theoretical and empirical. From the theoretical point of view, this paper is an extension of previous works by Barreto and Alm (2003) and Coppier (2005) who analyzed the interactions between corruption, taxation and growth. It differs in modeling corruption in two ways: bribes taken from public expenditure and bribes taken from public fiscal revenue in an endogenous growth model. Coppier (2005) considers that corruption affects the profits 1 Such an effect is line with the theory of beneficial corruption developed by Leff (1964) , Nye (1967) suggesting that corruption might actually enhance efficiency when public regulation or bureaucracy is excessive. For a critique see Kurer (1993) . Meon and Sekkat (2005) , Meon and Weill (2006) have provided an empirical test of this theory. In particular, Meon and Sekkat estimates do not support the "grease the wheels" view of corruption. 2 Strictly speaking the Laffer curve relates tax revenues to the tax rate.
of private enterprises while Barreto and Alm (2003) define corruption as an indirect rent extracted by the public official, who creates a monopoly situation when providing some public goods. Coppier (2005) emphasized the importance of taking into account corruption in the explanation of the relation between taxation and growth, whereas Barreto and Alm (2003) focused more on the effects on welfare. In this study, we propose an alternative framework.
From an empirical point of view, unlike others studies the present work is based on non parametric estimates and an instrumental variable approach (Generalized Method of Moments).
Many studies have analyzed the effects of taxation and tax structure or more particularly of tax policy on the growth (King and Rebelo, 1990; Martin and Fardmanesh, 1990; Barro and Salt-IMartin, 1992; Easterly and Rebelo, 1993; Barro, 1997 Barro, , 1998 Chen, 2003; Lee and Gordon, 2005) .
However, to our knowledge no econometric study has attempted to take into account the the effects of corruption in the explanation of the taxation and growth nexus. This study aims at filling this gap and thereby to connect two areas of investigation: the relation between corruption and public revenue and the effect of taxation on growth.
This paper is organized as follows. In section I we develop an endogenous growth model in which corruption is defined as a rent misappropriated from public expenditure and as rent taken from tax revenue. Section II and III are devoted to respectively empirical analyses and econometric results.
Section 1-Corruption, taxation and growth: the endogenous model of growth revisited
1.1-Theoretical framework and assumptions
Let us consider a production function of Cobb-Douglas type with a constant return scale:
The rate of depreciation of k is δ . Production in the private sector requires the supply of public capital provided by the State. However public expenditure is affected by corruption so that only a proportion (1 g b − ) of public capital is available for production. This formulation of the function of production is based on Barro (1990) but the difference here is in g b , which represents the proportion of productive public expenditure misappropriated by the public official in charge of their management. As formulated, the function of production is in line with that in the study of Del Monte and Papagni (2001) , in which corruption appears as a direct theft of public property (Mauro, 1995) . g b can also be interpreted as a "public bad" resulting from the negative externality of public intervention. This modeling of corruption differs from that of authors like Coppier (2005) , who posited that corruption affects the profits of the private enterprises and Barreto and Alm (2003) , who considered it as an indirect rent taken by the public agent which creates a discretionary monopoly situation in the supply of public goods.
The government finances its public expenditure ( t g ) and transfers ( t s ) (considered to be exogenous) using the taxes levied on production revenue y t τ and the taxation on consumption (
Taxes are function of bribes. The budgetary constraint is written as:
As in the study of Ellis and Fender (2006) , the process of accumulation of public capital as thus described takes into account the existence of corruption, but unlike these authors, we rather consider that taxation is affected by corruption. This last assumption is more plausible, and consistent with the literature on tax avoidance and corruption (Chen, 2003; Coppier, 2005) . If e τ represents the actual tax rate which results from corruption, one can write: 
In the relation (3) and [ ] 
The economy consists of n identical agents who are holders of the factors of production. They accumulate the capital, rent it to firms and decide on their choice of consumption, investment and allocation of the factors in order to maximize their intertemporal utility:
ρ designates the intertemporal preference rate. The function of utility is constant elasticity of intertemporal substitution (CES):
θ is the inverse of the intertemporal elasticity of substitution.
At each period, the constraint of the economy's resources is given by: 
1.2-Long run growth rate determination
The optimization problem of the representative consumer is thus: 
Hence, households choose c and k so as to maximize (8) subject to the constraints (1) and (7) . The Hamiltonian is written as ( , , ) ( 
The maximization conditions are the following: 
From equation (a), we derive '( ) 1 
; from where taking into account the functional form of the function of utility, we determine:
1.3-Interaction between corruption, taxation and growth
As described the model appears as a combination of the model of Chen (2003) which does not explicitly take into account bribes, and the model of Eichhorn (2004) . From the government budget constraint, it follows that:
Substituting (11) in (10) yields:
Equation (12) is equivalent to the standard result according to which economic growth is a non linear function of income tax (Barro and Sala-i-Martin, 1996) . Tax on consumption does not directly affect growth rate but indirectly through its effects on capital accumulation.
1.3.1-Effects of corruption
Corruption affects the long run growth rates in two ways: (i) by its impact on taxes rates and (ii) by its impact on public capital g 3 .
In the regime without corruption, it stands that y e τ τ = and the growth rate is higher than in the regime with corruption. In contrast if bribery is accepted-that is and y c b b vary -it can be easily shown that the effect of taxation on the growth rate is always negative but is of a smaller scale.
Hence,
(
Depending on the parameters of the model and the structure of the economy, equation (13) could be negative, positive or both. Thus, two effects are observable. On the one hand, individuals have strong incentives to accept and pay more bribes so as to diminish the tax burden. Therefore that opportunity allows them to increase their investments. On the other hand, the amount of taxes paid by the taxpayer being lower than the amount required 4 , it follows that the economic agent increases his savings level and thereby accumulates more capital (Eichhorn, 2004) .
In contrast, corruption in public spending negatively impacts on growth.
Hence, productive public investment is reduced by corruption (Tanzi and Davoodi, 2000; de la Croix and Delavallade, 2006) .
When the positive and negative effects of corruption are put together, we can derive the condition that allows the incidence of corruption to be minimized. By combining equations
Erreur ! Source du renvoi introuvable. and (14), we can deduce the marginal rate of tax pressure ˆy τ that makes it possible to cancel out the two opposing effects of corruption on growth:
ˆy τ is referred to as the optimal tax of corruption.
1.3.2-Optimal income tax and corruption: implication for growth
Let us consider that the aim of public authorities is to maximize the growth rate of consumption. Barro (1990) and Chen (2003) show that this optimization is equivalent to the maximization of well-being of the representative agent if (i) the rate of substitution between g and k is equal to unity and (ii) if the utility function is bounded, that is less than a certain limit. The first condition is verified since we use the production technology is assumed to have constant returns to scale. With regard to the second condition, Futagami al (1993) , Greiner and Hanusch (1998) demonstrate that it is still not met. We assume therefore that it might not be essential for the optimization of growth. Derivation of the rate of growth with respect to consumption tax rate leads to the tax rate for which the growth rate is optimal to diminish (increase) the effective optimal income tax rate. As regards the impact of corruption on public capital, it noteworthy that for 0 g b = , all things being equal, the level of production increases.
The right side term of the numerator in equation (15) becomes smaller, implying a lower optimal tax rate. This shows the adverse effect of corruption when the authorities ignore its actual magnitude.
When targeting the optimal tax rate * y τ , public authorities only achieve a lower * y e τ , generating a suboptimal growth rate.
1.3.3-Optimal corruption tax versus optimal growth tax
So far, we have established the optimal corruption tax ˆy τ at which the effect of corruption on economic growth is nil. In comparison with t * y , two situations can arise if one takes into account the characteristics of the economy as defined from the model's parameters. These characteristics are influenced by the institutional context leading to inefficient policies.
Algebraically, the comparison between the two tax rates could result from many combinations of parameters or variables of the model. In figure 1 7 below, we represent the gap 1) The tax rate of optimal growth is lower than the optimal tax rate of corruption. In such a case, corruption induces a growth rate below the optimal rate, but the effects are simultaneous.
Accordingly, any increase in the tax rate would have a direct negative effect on growth but a positive effect via the effect of corruption on growth (Barreto, 2000 ; Coppier, 2005) . Symmetrically, any decrease in taxation is beneficial to growth though implying an adverse effect of corruption.
2) The tax rate of optimal growth is higher than the optimal tax rate of corruption. Compared to a corruption-free situation, the impact of taxation is more negative on growth since it significantly reduces the rate of growth. The positive direct impact or the indirect effect through corruption that taxes may have on growth is inhibited by the excessive negative effects. First, all things being equal, economic growth in economies without corruption is higher than in most corrupt economies. However, from the optimum, any positive variation in the marginal rate of taxation induces a negative effect on growth which can be mitigated by the ability to pay bribes.
Two hypotheses can be put forward:
Hypothesis H1: The impact of taxation on growth in non linear. A particular case is the Laffer curve within which the increase in tax rate below a certain threshold has a positive effect on growth. Beyond this threshold, taxation is detrimental to growth. This is the result already established in the existing literature.
Hypothesis H2: The impact of taxation on growth is a decreasing function of corruption. Corruption has two opposing detrimental effects on the marginal tax rate, which allows optimization of growth:
either corruption reduces the tax rate below the optimal level, or it excessively increases it beyond this threshold. Hence, the following hypothesis can be formulated:
Hypothesis H3: In either of the above regimes, and in comparison to a regime without corruption, the effect of corruption on growth is as follows. When the tax rate caused by corruption is lower than the optimal level, any increase in taxation causes a reduction in growth. However, when the tax rate involving corruption is higher than the optimal level, the effect of corruption is likely to promote higher growth rates.
Section 2-Empirical analysis of corruption, taxation and growth nexus
The empirical approach comprises two stages. First, we do a non-parametric analysis of the correlation between government revenue and growth. This approach aims at determining the nature of the relationship (increased, decreased or monotone) between the two variables. In the second phase, our approach is the Generalized Method of Moments (GMM).
Non-parametric analysis
The nonparametric approach aims to examine the relationship between the growth rate and taxation. Assume i y to be the growth rate, i x the government revenues. The relationship between these two variables is described by the function f defined as:
Unlike the parametric analysis, the non parametric regression estimates the function ( ) 
The weight used in this study is that of Nadayara-Watson:
is Kernel function, h is the width of the window (bandwidth)
The Kernel function is assumed to be Gaussian.
The analysis concerns on six periods: 1980-1984, 1985-1989, 1990-1994, 1999-2000, 2000-2002 and 1980-2002 . The variable of economic growth is from the World Penn Table 6 .1. Unlike most studies using tax revenue, we measure taxation as total government revenue. Preference is given to total public revenue because it is less sensitive to the substitution effect involving the different components of public revenue (tax revenue and non tax revenue) 8 (Chambas, 2005) . Hence, government revenues used in this paper include both tax revenues and nontax revenues of central governments and subnational government and social security contributions. Also, the ratio of public revenues to GDP reflects the average tax burden of the whole economy. Y-axis stands for the growth rates and the x-axis the log or public revenue.
The results of nonparametric estimates are presented in figure 3 for each period of time as defined above. Dotted lines represent the upper and lower limits of the confidence interval at 5%
level. The continuous lines represent the non parametric estimates. Y-axis and x-axis stand respectively for the growth rates and the log of public revenue ratio.
These charts evidence a non monotonous relationship between government revenue ratio and growth in all the six periods under consideration. In other words, the overall trend in the different curves is either increasing or decreasing relationship between tax revenue and growth. These results are consistent with the theoretical predictions described in section 1 (Hypothesis H1).
The non-parametric analysis is useful in detecting the nature of correlation between economic growth and government revenues. The non linear relationship may appear in different forms, depending on a set of many other factors determining economic growth. However, applying non parametric analysis with more than two variables is a little complicated. The following paragraph introduces an econometric analysis in order to disentangle the influence of corruption in the relationship between taxation and growth.
8 While this substitution effect may be less observable in some developing countries, it is not the case in African countries. For example in Benin, Togo or Ivory Coast, with privatization, a cut in the dividend revenues (nontax revenue) from the enterprises with public participation leads to an increase in taxation of profits and capital gains in private sectors (tax revenue). The substitution effects were also perceptible when the levies on the "Caisse de Stabilization" had been suppressed in some countries in favor of taxes on exports. 
2.2.1-The approach
The estimated growth model takes the following form: 
2.2.2-Choice of Instruments
Several variables could be used as instruments of the variable of corruption. The list of instruments is as follows.
• Ethno-linguistic fractionalization: Used for the first time by Mauro (1995) , this instrument has been used by other authors such as Neeman et al (2004), Dreher and Schneider (2006) , Mocan (2004) and Mauro (1996) . Exogeneity of ethno-linguistic fractionalization is supported by the fact that it has no direct impact on economic performance. Sala-i-Martin (1997) has shown in growth equations that the significance of this variable is not strong. • Distance from equator and the mortality rate among settlers: These two variables are highly correlated and reflect the degree of influence of European culture in the former colonies because of the climatic conditions and the incidence of tropical diseases in the colonized countries. The establishment of good institutions depends on these factors (Hall and Jones, 1999; Acemoglu et al, 2001 ).
With respect to the economic growth, it is questionable whether they are relevant and exogenous because they may directly affect economic growth. One example is the distance from the equator (Sala-i-Matin, 1997). However, the use of such variables as instruments of corruption in growth equations by other authors gives them reliability and credibility. In all the specifications, we provide the tests of over identification of Hansen-Sargan.
2.2.3-Other determinants of growth: variables of control
In addition to the variables of corruption and government revenues, we introduce a set of variables of control. Their inclusion is justified so as to avoid the bias on the coefficients of corruption and public revenues, our variables of interest. Not only do these variables are correlated with corruption and public revenues, but they also individually affect growth. The selected variables that are pertinent for the purpose of the present study are the following 11 :
1) Initial income in 1980 allows us to test the hypothesis of conditional convergence. A negative sign is expected for the coefficient associated with this variable.
2) Trade openness measured as the sum of exports and imports. The more open to the international market the economy is, the higher its growth rate is (Sachs and Warner, 1995) .
Further, trade policies seem to be one of the most important channel through which corruption affects growth (Pelligrini and Gerlagh, 2004) . Thus, its omission could lead to bias.
3) Human capital as measured by the number of years of primary education and the number of years of secondary education and the growth rate of the population. Human capital is critical in increasing productivity. It is a decision variable for taxpayers (to pay or not taxes) since it determines the performance of public authorities in providing efficient education or health infrastructures, which in turn affect the tax morale of taxpayers.
4) Institutional and policy factors:
We use the index of democracy and other institutional variables. Better institutional performance is expected to increase economic growth.
5) Public expenditure as measured by the share of government expenditure in final consumption in the GDP: its effects reflect the degree of public intervention in the economy. The sign expected for this variable can be positive or negative.
11 For the definition of all the variables see appendix 2.
Section 3-Results of econometric estimations

3.1-Results from GMM
The results in table 1 are organized around two major points: the impact of taxation on growth and the influence of corruption in this interaction.
Government revenues negatively affect economic growth (Rebelo and Easterly, 1993; Blankenau and Simpson, 2004; Blankenau et al., 2007) 12 . Although this result is in line with theoretical predictions, it is important at this level to emphasize our contribution compared to the previous studies. In their study on tax policy and growth over the period 1970 -1988 , Easterly and Rebelo (1993 showed that the relationship between tax variables and growth is weak and that their significance depends on the variables of control. The authors explain this weakness by the multicolinearity among tax variables. The results of our study differ in several aspects.
The periods of study are not the same and hence our results (probably) reflect the characteristics of the countries in our sample over the period 1980-2002. In addition, our fiscal variables are not the same and from this point of view our study differs from that of Easterly and Rebelo (1993) . These authors include in their models the marginal rate of income tax, the ratio of taxes on individual income to individual income and the ratio of taxes on consumption relative to consumption and investment. We look at overall revenues including both public income tax and non-tax revenues aggregated at the level of both central government and subnational governments and so avoided the problem of the substitution effect between the different components of public revenues common in developing countries (Chambas, 2005) .
With regard to the impact of corruption, the coefficient of the interactive variable is negative and significant at the 5% level. In other words, in countries with high corruption, the negative impact of public resources on growth is greater. When public policy variables such as public spending on education, health and the infant mortality rate are included in our specifications, the coefficient of the variable corruption is positive and significantly different from zero at the 1% level (Column 2). This suggests that corruption has two effects on growth: a negative direct effect lowering both tax revenues and public expenditure, and an indirect positive effect positive once the adverse effects are accounted for. However, our estimations do not lend support to such an assumption and thus, hypothesis H3 is rejected.
The interaction between these variables and corruption in the explanation of the impact of taxation and corruption on growth is evidenced more clearly in columns (3) and (4). Excluding government spending on education and health from these specifications, the interactive term remains negative though not at the conventional levels of significance, but the variable of corruption becomes non significant. Given the non significance of the estimated coefficients, the results suggest that public spending on education and health have no direct impact on growth (Levine and Renelt, 1992) . Landau and (1986) attributes the non significance of education spending to the inefficient use of public funds, of which large amounts are unproductive public expenditure and are not consistent with the objectives of growth (Miller and Russek, 1997). 
3.2-Instrumenting both corruption and public revenue: three stage generalized least squares
In the previous section, only corruption was considered as an endogenous variable.
However, the variable of government revenue can also be endogenous, as demonstrated in the theoretical models in section 2. Furthermore, two bodies of theoretical literature emphasize the endogeneity of the variables of tax policies (Rebelo and Easterly, 1993) . On the one hand, the models of optimal tax policy assume a benevolent authority that maximizes the welfare of a representative household. In this context, taxes are not imposed on the economic agents but may result from an optimal choice of the public authorities. On the other hand, the political economy approach considers that public policies resulting from a political process (Alesina and Perotti, 1994) , are not free of corrupt behavior. We therefore instrumented both variables at the same time by using the method of three stage generalized least squares (3SLS 
The method of three stages least squares (table 2) 13 leads to results consistent with those previously established (table 1 ). Different specifications demonstrate once again that government revenues negatively affect economic growth. The comparison of columns (1), (3) and (9) confirms the intuition of Easterly and Rebelo (1993) according to which there is a strong correlation between income tax variables and the initial revenue. The interaction of government revenue with corruption supports the hypothesis that the distorting effect of tax would be greater in highly corrupt countries. This interaction is influenced by the variables of public expenditure in education and health (see columns (5) and (7)), which mainly affect government revenue and have little or no effect on growth.
(1) 
3.3-Further test with KKM (2003) data
The estimates presented here are based on the method of three stages least squares. As in subsection 4.1, the system of equations (21) is estimated. We have four periods corresponding to the data of KKM (2003 KKM ( ): 1996 KKM ( , 1998 KKM ( , 2000 KKM ( and 2002 .
The results in Table 3 are as follows. First, the variable of public revenue is not significant even if its coefficient is positive. The coefficient of the variable of corruption is negative and significant depending on the model. This result could be explained by the interaction between the variables of corruption and public revenue but, as suggested by Renelt and Levine (1992) , the discrepancy between the coefficient obtained in our study and the negative coefficient obtained from the ICRG data could be due to a difference in the data used.
A second result is irrefutable, however. We have extended these investigations by integrating corruption in an endogenous growth model in two ways: corruption in public spending and corruption in taxation. We showed two opposing effects. Under certain conditions, corruption can positively affect the rate of growth. The second effect of corruption, which seems to be the more devastating, is its negative impact on growth through taxes. Not only does it tend to make sub-optimal tax rate that maximizes the rate of growth in the long term, but it can also create distortions leading to excessive tax rates harmful to growth.
The other novel contribution of this work is the development of a non parametric analysis of the correlation between public revenue and growth. The non-parametric analysis suggests a non linear relationship between public revenue and growth. Furthermore, several specifications using the Generalized Method of Moments (GMM) and the three stages least squares (3SLS) make it possible to conclude that in the most corrupt countries there is a higher impact of taxation on growth. Even though our theoretical model suggests the existence of a beneficial effect of corruption in terms of economic growth, such an effect is not supported by our data.
The present paper can be extended by looking at the individual component of the tax structure and its relationship with corruption and economic growth. Consistent with the current tax transition reforms in developing countries, it is important to emphasize the effect of two tax components: value added taxes and taxes on international trade. Since VAT introduction imply trade tariffs reduction in developing countries under reform, future analyses might help evaluate how well the tax reforms perform in terms of economic activities development.
